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Abstract 
Recent growth in the development of hydrogen infrastructure has led to more requests for code officials to approve 
hydrogen-related projects and facilities. To help expedite the review and approval process, significant efforts have 
been made to educate code officials on permitting hydrogen vehicle fueling stations and facilities using stationary 
fuel cells (e.g., backup power for telephone cell tower sites). Despite these efforts, project delays continue because of 
several factors, including the limited experience of code officials with these types of facilities, submittals that lack the 
required information (including failure to adequately address local requirements), and submission of poor quality 
documents. The purpose of this paper is to help project proponents overcome these potential roadblocks and obtain 
timely approval for a project. A case study of an actual stationary application permitting request is provided to 
illustrate the value of addressing these issues.  
© 2012 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Canadian Hydrogen and Fuel Cell Association
Keywords: hydrogen safety; permitting; fuel cell applications; refueling stations; stationary applications; authority having 
jurisdiction
1. Introduction 
As a result of the developing hydrogen economy, city and state governments are seeing more 
construction projects involving hydrogen, including fuel cell vehicle refueling stations and stationary 
applications. When these projects occur in areas that require regulatory approval, they typically have four 
distinct stakeholders: the owner or owner’s representative, a designer or architect, a contractor (these three 
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comprising the “proponents”), and an authority having jurisdiction (AHJ). If the project is to be 
successful, these stakeholders must coordinate their efforts to keep the project on task, on schedule, and 
within budget.  
The AHJ function can vary from one municipality to another. In the City of Santa Fe Springs, 
California, three entities share the AHJ function: the Planning Department, the Fire Department, and the 
Department of Building and Safety. The Planning Department provides approval conditions, reviews the 
project for use compliance in the project area, and provides the entitlements for the project. Building and 
Safety reviews the project for compliance with the adopted building code, mechanical code, plumbing 
code, and any other applicable codes or standards within their scope of authority. The Fire Department 
reviews the project for compliance with the adopted fire code. 
In addition to different stakeholders, there are different permitting phases of a project. These typically 
include a plan submittal phase, an AHJ review phase, and a field verification phase. The role of the 
proponent’s stakeholders must be clearly established for each phase. Without a clear understanding of 
roles, unnecessary delays can result. For example, an owner, designer, or architect may submit plans, yet 
may not have the technical competency to answer plan review questions. The contractor may have 
technical competency, yet rarely if ever has the legal or contractual responsibility to revise and resubmit 
plans with corrections. 
2. Submittal Process 
Submittals are necessary for project approval and must be tailored to the permit requirements of the 
jurisdiction. A systematic approach can help ensure that the project passes through the submittal process 
smoothly (see Fig. 1 [1] for an example).  
If gaseous hydrogen is the only hazardous material for a project, it can be classified as a flammable gas 
and no further outside technical assistance is needed to classify the hazards of the materials involved. The 
project proponent can then determine the project requirements based on whether the hydrogen will be 
stored and used indoors or outdoors. Site and facility requirements are developed that help to determine 
what controls are required. It is critical that all these elements be addressed before meeting with a code 
official. This will ensure the project proponent has a well developed, concise plan submittal.  
Contractors should not assume that code officials will help develop the project design criteria. Most 
code officials are hesitant to provide guidance related to project design. This can be frustrating for the 
other stakeholders, but most code officials review projects only for code compliance and, for liability 
reasons, will not assist with project design. Ideally, the contractor will bring a well developed plan to the 
code official, and if the code official is familiar with the regulatory requirements, the project will be 
approved relatively quickly. When a project is not well developed, many questions can arise, which can 
lead to confusion and a poor relationship between the contractor and the code official. Plans may be 
rejected multiple times and the stakeholders may become frustrated.  
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Fig. 1. Code approach to hazardous materials 
If a project is to be developed in a specific jurisdiction, it is prudent for the project proponent to 
contact the code official in the jurisdiction where the project is planned and ask what codes are adopted 
by the jurisdiction. An alternative is to visit the AHJ’s web site, where the adopted code may be 
referenced. 
In addition to the project details, the submittal should include: 
x A title page with a clear and concise scope of work statement 
x A page with a statement of applicable codes and standards that apply in the jurisdiction where the 
project is to be built 
x A description of any alternative means and methods used. This should include a clear and concise 
explanation of how it is equivalent or more conservative than the existing code 
x A specific site plan showing property lines, building locations, air intakes, overhead lines, setbacks, 
fire department access, and any other features that may be pertinent to the submittal 
x Information regarding the types, quantities, and locations of hazardous materials to be used 
x Technical data sheets for all equipment used on the project 
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3. Applicable Codes 
Each AHJ adopts a set of codes for use in their jurisdiction. These may be National Fire Protection 
Association (NFPA) codes and standards, International Code Council (ICC) codes, or locally developed 
codes or departmental standards. Most municipalities in the United States use either NFPA codes and 
standards or ICC codes (or some combination of these).  
3.1. ICC
The ICC documents that apply to hydrogen, either directly or as a flammable gas, include the 
International Fire Code (IFC), the International Building Code (IBC), the International Mechanical Code 
(IMC), and the International Fuel Gas Code (IFGC) [2]–[5]. The primary relevant sections of each of 
these codes can be found in Table 1. 
From an ICC perspective, for a project involving hydrogen (a flammable gas), the pertinent sections of 
the IFC can be found in chapters 22, 27, 30, 32, and 35; IBC requirements can be found in chapters 4, 5, 
7, and 9. Sections from the IMC and IFGC may also apply.  
Table 1. Hydrogen related code sections from the ICC codes 
IFC Chapter 
2209 Hydrogen Motor Fuel-Dispensing and Generation Facilities 
27 Hazardous Materials – General Provisions 
30 Compressed Gases 
32 Cryogenic Fluids 
35a Flammable Gases and Flammable Cryogenic Fluids 
IBC Chapter 
4 Special Detailed Requirements Based on Use 
5 General Building Heights and Areas 
7 Fire and Smoke Protection Features 
9 Fire Protection Systems 
IFGC 
7 Gaseous Hydrogen Systems 
IMC 
Various  
a Chapter 35 of the IFC also requires compliance with NFPA 55 when more than 400 ft3 of hydrogen gas is connected to 
piping systems (i.e., bulk hydrogen systems). 
Following the approach in Fig. 1, after the hazardous materials have been identified, the next step is to 
classify the building occupancy. Construction features and safeguards are established based on the type of 
occupancy constructed and the quantity of flammable gas associated with the project. Most architects and 
building design consultants are familiar with these classifications and should be able to make the initial 
determination. The total quantity of flammable gas in storage or use can influence the occupancy 
classification. For example, if the amount of flammable gas exceeds 1,000 cubic feet (ft3) for 
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unsprinklered facilities or 2,000 ft3 for sprinklered buildings, the building would be classified as an H-2 
occupancy and require additional safety features. Fire-separated control areas and/or ventilated gas 
cabinets could be used to avoid this more stringent occupancy classification.  
Other related requirements include setback (separation) distances for outdoor storage and use. Separation 
for general storage and non-bulk systems can be found in the IFC chapter 35. These distances increase as 
the volume of flammable gas increases. Bulk system separation distances are detailed in NFPA 55, 
chapter 10, and are based on system pressure and pipe size [6].
3.2. NFPA 2 
With the increased interest in hydrogen as a fuel source, the NFPA was petitioned to develop an all-
encompassing document establishing requirements for hydrogen technologies. This document was 
developed from existing NFPA codes and standards, and identifies and fills technical gaps for code users 
and enforcers. This document, designated as NFPA 2 [7], is also structured to works seamlessly with 
building and fire codes (NFPA or ICC).  
NFPA 2 is largely extracted from other NFPA codes and standards (e.g., NFPA 52, Vehicular Gaseous 
Fuel Systems Code; NFPA 55, Compressed Gases and Cryogenic Fluids Code; and NFPA 853, Standard 
for the Installation of Stationary Fuel Cell Power Systems). It is organized specifically for hydrogen. 
Chapters 1-3 contain the scope, referenced documents, and definitions. Chapters 4-9 contain the 
fundamental requirements, and chapters 10-20 contain the use-specific requirements. Some of the 
chapters in the 2011 edition are reserved to allow time for further development and organization of the 
material (see Fig. 2). 
Fig. 2. NFPA contents 
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Maximum allowable quantities (MAQ) are provided in a similar manner to the IBC/IFC; however, 
these are only directed at indoor applications. If the MAQ is exceeded, additional building controls (e.g., 
fire sprinklers, ventilation requirements) are required. Indoor requirements and outdoor separation 
distances for gaseous hydrogen are provided in chapter 7 of NFPA 2 and are based on quantity and 
container sizes. Chapter 7 has three parts: general requirements, bulk, and non-bulk. Non-bulk is defined 
in the chapter as “gaseous hydrogen (GH2) packaged in cylinders, containers, or tanks with a contained 
volume not exceeding 400 scf (6600 cm3) each at normal temperature and pressure that are either not 
interconnected by manifolds or piping systems or that when interconnected have an aggregate contained 
volume of less than 400 scf (6600 cm3).” This value is expected to increase in the next revision of the 
code. Separation distances for non-bulk systems are based on total quantity stored. For bulk systems, the 
distances are based on the same method presented in NFPA 55, using system pressures and pipe 
diameters.  
4. Plan Review 
When a project is submitted, a code official determines which sections of the code apply to the project 
and checks for compliance with the requirements. If a code official is unfamiliar with a technology or 
concept, that official may seek help from more knowledgeable code officials. For example, the Los 
Angeles Area Fire Marshals Association provides a support network through which AHJs can seek advice 
from other jurisdictions that have experience with a project or technology. There has also been discussion 
about developing a contact list for hydrogen projects to enable code officials to contact jurisdictions 
where hydrogen installations have been successful. Another idea is the development of a group of experts 
to review project plans for code officials. This has been discussed at Hydrogen Safety Panel meetings as a 
possible role for panel members. The panel, operated on behalf of U.S. Department of Energy (DOE) by 
the Pacific Northwest National Laboratory, conducts project safety reviews of DOE funded projects. 
Members of the panel have a broad range of knowledge, and some have already participated in design 
reviews. Issues that must first be worked out are: 
x Who would pay for this service? 
x What is the liability associated with the review? 
x Would the code official be willing to accept the expert review? 
Additionally, DOE has developed tools for code officials to use when reviewing hydrogen projects [8]. 
The two web-based tools related to permitting a hydrogen project can be found at:  
x http://www.hydrogen.energy.gov/permitting/
x http://www.hydrogen.energy.gov/training/code_official_training/   
There are also alternatives that can be used when a project cannot meet the code requirements. IFC 
section 104.9 allows for alternative materials and methods, stating that “the fire code official is authorized 
to approve an alternative material or method of construction where the fire code official finds that the 
proposed design is satisfactory and complies with the intent of the provisions of this code, and that the 
material, method or work offered is, for the purpose intended at least the equivalent of that prescribed in 
this code” [9] If this provision is accepted by the code official, the code official can require a large 
number of performance based requirements, as detailed in IFC chapter 27, section 2701.3. Code officials 
also look for equipment to be “approved” or “listed” by a standards agency such as Factory Mutual (FM) 
or Underwriters Laboratories (UL). If there is no approval or listing for a piece of equipment, the project 
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proponent must be prepared to offer documentation that shows the equipment is acceptable for its 
intended use. 
5. Case Study 
Concerns have been raised about the length of time it takes to obtain approval for a project. Many 
agencies have standard review times, ranging from over-the-counter immediate approval to a few weeks. 
However, in some cases the review can take considerably longer. A few common issues that can delay 
project approval include: 
x Political issues  
x Code officials lacking the necessary knowledge or tools (necessitating additional external resources or 
mentoring) 
x Submittals lacking basic or necessary information 
As a case in point, a hydrogen fuel cell back-up power supply for a phone cell site was submitted to 
the City of Santa Fe Springs for approval. This project involved three proponents: the cell phone 
company, the supplier of the fuel cell and related equipment, and the architect. The architect brought the 
plans to the fire department for review. Unfortunately, the architect could not answer the code official’s 
technical questions because he was not well versed in fuel cells or hydrogen use. He also did not know 
how much hydrogen was to be stored at the site. As a result, the plan review included a long list of 
required corrections, such as providing technical data sheets for the equipment and providing a detailed 
piping plan (the original submittal showed no piping). The review also identified conflicting information 
in the plan, as the storage container was oriented differently on two of the design sheets. It took four more 
submittals to gain AHJ approval. A general timeline of these events is provided in Table 2. 
Table 2. Project timeline 
Day Proponent Action AHJ Action 
1 Initial Submittal  
23  Correction Sheet Sent 
62 Resubmitted  
70  Correction Sheet Sent 
78 Resubmitted  
91  Correction Sheet Sent 
131 Resubmitted  
134  Plans Approved 
Ð Equipment Constructed  
209  Field Inspection 
245  Correction Sheet Sent 
320 Revised Plans Submitted  
340  Revised Plans Approved 
Ð Equipment Modified/Relocated  
536  Inspection/Final Approval 
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During the field inspection, it was determined that site-specific elements were not depicted on the 
initial plan submittal. Existing air intakes on the building and overhead electrical lines were not shown, 
the storage area was accessible to vehicle traffic and no crash posts were provided, vegetation was 
growing adjacent to the hydrogen storage, equipment that was depicted on the plans was not installed, and 
the electrical disconnect was not accessible. These details can be seen in Fig. 3 and Fig. 4. 
Fig. 3. Initial facility layout 
Fig. 4. Initial facility layout 
Electrical Equipment 
“Emergency Manual Shut-Off 
Located Inside” Sign 
Vegetation
Electrical Lines 
Vegetation
Building Air Intake 
Hydrogen Storage 
Fuel Cell 
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The AHJ and the architect met at the site to discuss these issues on day 245 and the result was an 
additional correction sheet provided to the architect. The architect submitted a revised plan on day 320 
that did not meet all the requirements in the IFC, but was approved under alternative means and methods 
allowed for in section 104.9. On day 536, the final field inspection occurred and the site was approved for 
use. The final facility layout is shown in Fig. 5, and includes the following changes: 
x Barrier walls were constructed to isolate air intakes from the material storage 
x Storage was moved away from overhead electrical lines 
x Vegetation was removed 
x Vehicle barriers were installed 
x A Knox Box (key box) was installed 
x The electrical disconnect was located away from the fuel cell and hydrogen storage cabinets. 
Fig. 5. Initial facility layout 
6. Other Thoughts 
A workshop titled Facilitating Permitting of Hydrogen Fueling Stations was sponsored by the DOE 
Hydrogen, Fuel Cell and Infrastructure Technologies Program in March 2007 [10]. The workshop was 
designed to bring together local and state permitting officials, fuel cell station project developers, and 
other stakeholders to: 
x Share permitting experiences 
x Discuss lessons learned 
x Discuss critical issues  
x Identify what is needed to facilitate efficient, timely permitting of projects 
x Develop recommendations (and priorities) for a DOE initiative to facilitate permitting (focusing on 
permitting retail fueling stations rather than research and development projects) 
Barrier Walls 
Knox Box (key box) 
Electrical Disconnect 
Vehicle Barriers 
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Project developers shared lessons learned at the workshop, including the following. 
x At the time of plan submission, project developers need to identify and convey to the code official any 
deviations in their designs from the requirements in codes and standards, the rationale for the 
deviations, and how the deviations are being addressed. 
x Project developers have short-term interests; code officials and permitting and fire safety officials have 
long-term interests. 
x Pre-permitting meetings with the permitting officials should be conducted; start early and talk often. 
x Project developers should know and understand the local permitting process, as well as any state 
regulations governing the process. They must be prepared to accept input from the permitting officials 
and modify the design based on this input.  
x Different states may have different permitting processes. For example, permitting in Michigan is done 
at the state level while in California both the state government and the local AHJ may be involved. 
Each community where a project is planned may have different requirements. 
x In general, permitting and fire safety officials lack the technical capabilities and resources that are 
available to project developers. As one permitting official commented, “It is not wise for a project 
developer and his staff of 10 technical experts to descend on a three-person permitting office with a set 
of documents a foot tall. Besides, the permitting staff has other things to do, in addition to dealing with 
project developers.” In contrast, it is difficult to get the full attention of the AHJ without a complete 
project package. Also, when approaching fire marshals regarding a project, do not overwhelm them 
with a large number of participants.  
These comments help further highlight the need to understand the relationships and obstacles for 
gaining approval on a hydrogen project.  
7. Conclusions 
The permitting process routinely includes design, submittal, and final inspection phases. The AHJ is 
only involved in the submittal review and inspection process. The AHJ review focuses on whether the 
submittal provides complete and accurate information that clearly addresses all code requirements. 
The project proponents should ensure that the person providing the plans to the AHJ is knowledgeable 
on proposed activities or is prepared to provide a technical contact for the code official. They should also 
be prepared to provide contact information for persons in other jurisdictions where similar activities have 
been successfully deployed. 
The project is complete when the final field inspection is conducted, the installation is found to be 
code compliant, and a permit to operate is granted. The final field inspection covers several distinct areas, 
including but not limited to verification that (1) the installation is consistent with the approved plans, (2) 
the installation is consistent with code provisions and/or standards, and (3) a functional test of systems 
has been completed. Any divergence from the plan may result in additional corrections before the 
operating permit is issued. 
Plans can be approved expediently if they are clear, well developed, and include all the required 
supporting documentation. This helps ensure a smooth process without unnecessary delays. 
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